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METHOD OF PARAMETRIC DESIGN 
OF AN 

INSTRUMENT PANEL SUPPORT STRUCTURE 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates generally to 
computer-aided design of vehicles and, more 
specifically, to a method of parametric design of an 
instrument panel support structure for an instrument 
panel on a vehicle. 

2 . Description of the Related Art 

Vehicle design, and in particular 
automotive vehicle design, has advanced to a state in 
which computer-aided design techniques are frequently 
incorporated in the development of a new vehicle. 
Computer-aided design is especially beneficial in 
packaging the various systems incorporated within a 
vehicle, to maximize design and functional 
capabilities of the vehicle systems. One example of 
a vehicle system is the instrument panel support 
structure for an instrument panel. The instrument 
panel support structure is positioned between a side 
structure of the vehicle and provides structural 
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reinforcement for a vehicle body. The instrument 
panel support structure also provides an attachment 
surface for various vehicle components such as an 
instrument panel, an inflatable restraint system, or 
5 a heating, ventilation and air conditioning HVAC 
system. 

One aspect of the packaging task for a 
vehicle system, such as the instrument panel support 
structure, is to ensure that it is spatially 

10 compatible with a particular environment, while still 
complying with predetermined functional criteria, 
including performance and durability requirements. 
In the past, various methods have been utilized to 
determine whether a proposed design meets such 

15 predetermined criteria. For example, a proposed 

design may be analyzed in two dimensions, which 
requires many iterations of a drawing. A three- 
dimensional model may also be constructed to obtain a 
better perspective of the design. The three- 

20 dimensional model may further be subjected to testing 
to determine whether it complies with performance and 
durability criteria. This method is time consuming 
and expensive. 

It is also known that design methods that 

25 are knowledge-based are being utilized to design a 
vehicle system. The knowledge-based design method 



provides advice to the user of the method based on 
the environment of the design application used. 
Advantageously, knowledge-based design techniques 
maximize the amount of knowledge utilized, while 
5 developing a new vehicle system in a minimal period 
of time. An example of a knowledge-based design 
technique is disclosed in U.S. Patent No. 5,799,293 
to Kaepp, entitled "Method For Optimizing The Design 
Of A Product Using Knowledge Based Engineering 
10 Techniques", the disclosure of which is hereby 
incorporated by reference. 



design technique to design a vehicle system. An 



20 well, they do not take into account the particular 
functional and packaging criteria associated with 
designing an instrument panel support structure. 
Therefore, there is a need in the art to provide a 
method for designing an instrument panel support 

25 structure for an instrument panel on a vehicle using 



It is also known to use a compute 



r-aided 




also hereby incorporated by reference. 



While the above design techniques work 



a parametric design technique that accommodates 
functional and packaging criteria. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is a 
method of parametric design of an instrument panel 

10 support structure for an instrument panel on a 
vehicle- The method includes the step of determining 
an input parameter, such that the input parameter is 
a three dimensional coordinate defining the 
instrument panel support structure relative to the 

15 vehicle. The method also includes the step of 
generating a design of the instrument panel support 
structure using the input parameter and determining 
if the design of the instrument panel support 
structure meets a predetermined criteria. The method 

20 further includes the step of modifying the input 
parameter if the design of the instrument panel 
support structure does not meet the predetermined 
criteria . 

One advantage of the present invention is 
25 that an improved method of designing an instrument 
panel support structure for an instrument panel on a 
vehicle is provided that uses a parametric design 
technique to considerably reduce design time and 



related expenses. Another advantage of the present 
invention is that a method of parametric design of an 
instrument panel support structure is provided that 
considers packaging criteria. Yet another advantage 
5 of the present invention is that a method of 
designing a instrument panel support structure is 
■ provided that allows further analysis of vehicle 
packaging feasibility early in the design process. 
Still another advantage of the present invention is 

10 that a method of parametric design of an instrument 
panel support structure is provided which supports 
computer-aided engineering analysis (CAE) and rapid 
prototyping . A further advantage of the present 
invention is that a method of parametric design of an 

15 instrument panel support structure is provided that 
enhances flexibility in design, while still meeting 
vehicle timing considerations. Still a further 

advantage of the present invention is that a method 
of parametric design of an instrument panel support 

20 structure is provided that utilizes parametric 
automated design in light of predetermined criteria. 

Other features and advantages of the 
present invention will be readily appreciated, as the 
same becomes better understood after reading the 

25 subsequent description taken in conjunction with the 
accompanying drawings . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system which 
5 may be utilized with a method of parametric design of 
an instrument panel support structure for a vehicle, 
according to the present invention. 

FIG. 2 is a perspective view of an 
instrument panel support structure for an instrument 
10 panel on a vehicle designed by a method, according to 
the present invention. 

FIG. 3 is a perspective view of two 
parametric designs of the instrument -panel support 
structure of FIG. 2. 
15 FIG. 4 is a plan view of two parametric 

designs of the instrument panel support structure of 
FIG. 3. 

FIG. 5A is a perspective view of two 
parametric designs of a driver side portion of the 
20 instrument panel support structure of FIG. 2, using 
an occupant H-point as a reference point. 

FIG. 5B is a perspective view of two 
parametric designs of a driver side portion of the 
instrument panel support structure of FIG. 2, without 
25 using the occupant H-point as a reference point. 



FIG. 6A is a perspective view of two 
parametric designs of an upper attachment bracket for 
the instrument panel support structure of FIG. 2. 

FIG. 6B is a side view of the upper 
5 attachment bracket of FIG. 6A. 

FIG. 7A is a perspective view of two 
parametric designs of an upper driver side knee 
bolster attachment bracket for the instrument panel 
support structure of FIG. 2. 
10 FIG. 7B is a side view of the upper driver 

side knee bolster attachment bracket. 

FIG. 8A is a perspective view of two 
parametric designs of an outer driver side knee 
bolster attachment bracket, for the instrument panel 
15 support structure of FIG. 2. 

FIG. 8B is a plan view of the outer driver 
side knee bolster attachment bracket of FIG. 8A. 

FIG. 9A is a perspective view of two 
parametric designs of an inner passenger side knee 
20 bolster attachment bracket, for the instrument panel 
support structure of FIG. 2. 

FIG. 9B is a perspective view of two 
parametric designs of the inner passenger side knee 
attachment support bracket of FIG. 9A. 




FIG. 10A is a plan view of a center support 
bracket for the instrument panel support structure of 
FIG. 2. 

FIG. 10B is a side view of the center 
5 support bracket of FIG. 10A. 

FIG. IOC is a perspective view of two 
parametric designs of the instrument panel support 
structure of FIG. 10A, using a diameter of a cross 
car support beam as a reference point. 

10 FIG. 11 is a block diagram of a method of 

parametric design of an instrument panel support 
structure for an instrument' panel on a vehicle, 
according to . the present invention, for the 
instrument panel support structure of FIG. 2. 

15 FIG. 12 is a flowchart of a method of 

parametric design of an instrument panel support 
structure for an instrument panel on a vehicle, 
according to the present invention,- for the 
instrument panel support structure of FIG. 2. 

20 FIGS. 13 and 14 are flowcharts of another 

embodiment of a method of parametric design of an 
instrument panel support structure for an instrument 
panel on a vehicle, according to the present 
invention, for the instrument panel support structure 

25 of FIG. 2. 




FIG. 15 is a view of a system for 
parametric design of the instrument panel support 
structure on a vehicle, according to the present 
invention . 
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DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 

Vehicle design, and in particular the 
design of an instrument panel support structure on a 
vehicle, is achieved according to the present 

10 invention with a generic parametric driven design 
process. Advantageously, this process allows 

flexibility in vehicle design and engineering 
analysis of the design in a fraction of the time 
required using conventional design methods. Various 

15 computer based tools are integrated to achieve this 
enormous time and expense savings, including solid 
modeling, parametric design, automated studies and a 
non-parametric components library, also referred to 
as a standard parts library. 

20 Referring to the drawings and in particular 

FIG. 1, the tools 10 used by a method 18 for 
designing a instrument panel support structure, 
according to the present invention, are illustrated 
graphically. The tools .10 include a component parts 

25 library 12 stored on an electronic storage device 
(not shown) . The component parts library 12 is a 



database providing an electronic representation of 
various types of component parts that may be 
supported by an instrument panel support structure, 
in a manner to be described. The component parts 
5 library 12 also includes information in electronic 
form regarding various types of instrument panel 
support structure architectures, to be described, 
that are available. Packaging studies incorporating 
these component parts on the instrument panel support 
10 structure can be done to assess many factors relating 
to the design of the instrument panel support 
structure . 

The tools 10 also include a vehicle 
platform library 14 stored on the electronic storage 

15 device. The vehicle platform library 14 is an 

electrical representation of a vehicle platform or a 
portion thereof. For example, the vehicle platform 
library 14 may include information regarding a 
particular vehicle body design, to be described. It 

20 should be appreciated that the vehicle platform 
library 14 and component parts library 12 may be 
stored on the same electronic storage device. 

The tools 10 may also include various 
design tools, generally indicated at 16, which can be 

25 used for the method 18, in a manner to be described. 
These design tools 16 may include solid modeling and 
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parametric design techniques. 



Solid modeling, for 



example, takes electronically stored vehicle platform 
data from the vehicle platform library 14 and 
standard component parts data from the component 
5 parts library 12 and builds complex .geometry for 
part-to-part or full assembly interference checking. 
Several modeling programs are commercially available 
and generally known to those skilled in the art. 



10 the electronic construction of vehicle geometry 
within a computer system 22, to be described, for 
designing a vehicle system, such as the instrument 
panel support structure. As a particular dimension 
or parameter is modified for a particular feature of 

15 the instrument panel support structure, the computer 
system 22 is instructed to regenerate a new vehicle 
or part geometry. The parametric instrument panel 
information, generally indicated at 14, control and 
limit the design process in accordance with 

20 predetermined design parameters, to be described. 

The tools 10 also include various computer- 
aided engineering (CAE) analysis methods 20. One 
example of an engineering analysis technique is a 
human factors study, to be described. 

25 The tools 10 further include a computer 

system 22 as is known in the art to implement the 



The parametric design technique is used in 




method 18. The computer system 22 includes a 

processor and a memory 24a, which can provide a 
display and animation of a system, such as the 
instrument panel support structure, on a display such 
5 as a video terminal 24b. Parametric selection and 
control for the design can be achieved by a user 26, 
via a user interactive device 24c, such as a keyboard 
or a mouse. The user 26 inputs a set of parameters 
and set of instructions into the computer 24a when 

10 prompted to do so. The set of parameters and the set 
of instructions may be product specific, wherein 
other data and instructions non-specific to the 
product may already be stored in the computer 24a. 

One example of an input method is a pop-up 

15 window with all current parameters, including an on- 
line description for the parameter and a current 
value therefore. For example, parametric values may 
be chosen from a table within a two-dimensional mode, 
since some vehicle designers prefer to view an 

20 assembly in sections which can be laid out on a 
drawing. 

Once the computer system 22 receives the 
set of parameters and instructions from the user 26, 
and any information regarding related vehicle systems 
25 and information from the libraries 12, 14, the 
computer system 22 utilizes the method 18, discussed 



in detail subsequently, to determine whether 
requirements have been met. 

Advantageously, the computer implemented 
method of parametric design of an instrument panel 
5 support structure combines all of the foregoing to 
provide an efficient, flexible, and rapid design 28. 
Further, an instrument panel support structure design 
is an output of the method 18, and the design is 
available for further analysis and study. 

10 Referring to FIGS. 2 through 10, an 

instrument panel support structure 100, according to 
the present invention, is illustrated for an 
instrument panel (not shown) on a vehicle (not 
shown), and in particular an automotive vehicle. The 

15 vehicle includes a vehicle body (not shown) which 
serves as a frame for the vehicle, as is known in the 
art. The vehicle body includes two side structures, 
(not shown) which are referred to in the art as A- 
pillars. The vehicle body also includes a front 

20 structure (not shown) , known as the dash panel, that 
forms a generally planar surface extending between 
the side structures. It should be appreciated that 
the vehicle front structures and side structure 
define an interior space of the vehicle referred to 

25 as the occupant compartment. The vehicle body 

includes a generally planar member, (not shown) 



positioned between the side structures and extending 
from an upper edge of the dash panel into the 
occupant compartment, referred to in the art as a 
cowl. The instrument panel support structure 100 is 
5 positioned between the side structures and rearward 
of the cowl, and attached to the vehicle in a manner 
to be described. Advantageously, the instrument 
panel support structure 100 provides an attachment 
surface for components typically disposed within the 

10 instrument panel, as is known in the art. 

The instrument panel support structure 100 
includes a longitudinally extending beam 102, 
referred to in the art as a cross-car support beam. 
The beam 102 provides rigidity and support to the 

15 vehicle body and an attachment surface ■ for various 
components, in a manner to be described. The beam 
102 may be divided into a driver side portion 104 on 
one end, and a passenger side portion 106 on another 
end, and a central portion 108 between the passenger 

20 side portion 106 and the driver side portion 104. 

Referring to FIGS . 2, 3 and 4, the shape of 
the beam 102 is parametrically determined in light of 
■ various input parameters that associatively link a 
parameter to a coordinate in space. For example, an 

25 input parameter is a dimensional coordinate for the 
attachment locations of the beam 102 relative to the 




vehicle body. Another input parameter is the axis of 
the beam 102. Still another input parameter is the 
relative shape of the vehicle body and related 
components. As illustrated, a regenerated beam 

5 design is illustrated in dot-dash lines. It should 
be appreciated that the beam 102 may include a bend 
in the regenerated design to provide dimensional 
clearance between the beam 102 and another part of 
the vehicle. As shown in FIG. 5A, the design of the 

10 beam 102 parametrically references the occupant Pi- 
point . Similarly, in FIG. 5B the design of the beam 
102 does not reference the H-point. 

The beam 102 includes an end bracket 112 
for attaching the beam 102 to part of the vehicle 

15 body, such as the cowl in this example. The end 
bracket 110 is generally planar, and is joined onto 
an end of the beam 102, using a suitable means such 
as welding. Preferably, there is a left end bracket 
110A located on the end of the driver side portion 

20 104 of the beam 102 and a right end bracket HOB 
located on the end of the passenger side portion 106 
of the beam 102. The left and right end brackets 
110A, HOB may each include an aperture 112 for 
receiving a fastener (not shown) , such as a bolt, to 

25 secure the beam 102 to the cowl. 



In this example, the left or right end 
brackets 110A, HOB have a general " L" shape. It 
should be appreciated that the left end bracket 110A 
may have a different shape than the right end bracket 
5 HOB, depending on the design of the beam 102. 
Advantageously, the shape of the right or left end 
bracket 110A, HOB is parametr ically determined in 
light of mating associative parts defining the 
attachment location of the beam 102 relative to the 

10 vehicle body. 

Referring to the FIGS . 6A and 6B the 
instrument panel support structure 100 also includes 
an upper attachment bracket 114, also referred to as 
a cowl top bracket, for attaching the beam 102 to the 

15 cowl. The upper attachment bracket 114 is generally 
planar and extends radially from the beam 102 a 
sufficient distance to secure the instrument panel 
support structure 100 to the cowl. The upper 

attachment bracket 102 may include a flange 116 

20 extending from a side edge of the upper attachment 
bracket 114 to provide additional strength to the 
upper attachment bracket 114. 

In this example, the upper attachment 
bracket 114 has a general M J" shape. Advantageously, 

25 the shape of the upper attachment bracket 114 is 
parametrically determined in light of using an input 



parameter such as a coordinate point in 3-dimensional 
space representing an attachment location of the cowl 
to the vehicle body structure. Another end of the 
upper attachment bracket 114 is associatively 
5 referenced to another input parameter such as a 
centerline for the beam 102. A regenerated design is 
illustrated in dot-dash lines in FIG. 6A. 

An end of the upper attachment bracket 114 
is secured to the beam 102 by a suitable means such 

10 as welding. Another end of the upper attachment 
bracket 114 is secured to the cowl by a suitable 
means such as a fastener (not shown) . The upper 
.attachment bracket 114 includes an aperture 118 for 
receiving the fastener to secure the upper attachment 

15 bracket 114 to the cowl. 

The instrument panel support structure 100 
also includes a steering column support bracket 120 
for supporting the steering column (not shown) , as is 
known in the art. The steering column support 

20 bracket 120 is a generally planar member extending 
radially from the beam 102 a sufficient amount in a 
rearward vehicle direction. In this example, the 
steering column support bracket 120 has a flange 122 
extending along a side edge to provide additional 

25 strength, so that the steering column support bracket 
120 has a generally "U" -shape. 



The shape of the steering column support 
bracket 120 may be parametrically determined in light 
of a mating associated part, such as the design of 
the beam 102 and a three dimensional coordinate 
5 representing a location for the steering column. An 
edge of the steering column support bracket 120 is 
attached to the beam 102 by a suitable means, such as 
welding. The steering column support bracket 120 may 
include a suitable means such as a fastener 124 to 

10 secure the steering column to the instrument panel 
support structure 100. It should be appreciated 
that, in this example, there are two steering wheel 
support brackets 120 positioned parallel each other. 

The instrument panel support structure 100 

15 also includes a knee bolster 126. The knee bolster 
absorbs energy of a portion of an occupant's body 
(not shown) , such as a knee, under certain 
conditions. One example of a condition is the 
movement of an unrestrained occupant as a result of 

20 an impact with another object (not shown) . In this 
example, there are two knee bolsters 126, a driver 
side knee bolster 128 and a passenger side knee 
bolster 130. 

The driver side knee bolster 128 is a 

25 generally planar member that is attached to the 
driver side portion 104 of the instrument panel 



support structure 100 by a plurality of attachment 
brackets- The location in driver side space of the 
knee bolster is parametrically driven, and may depend 
on an input from the design tool 16, such as a result 
5 from a knee bolster study. 

Referring to FIGS. 7A and 7B, an upper 
driver side knee bolster attachment bracket 132 
interconnects an upper edge of the driver side knee 
bolster 128 with the beam 102. Advantageously, the 

10 upper driver side knee bolster attachment bracket 132 
absorbs energy resulting from an impact with an 
object. The upper driver side knee bolster 

attachment bracket 132 is a generally planar member 
having a flange 134 extending along an edge to 

15 provide additional structural strength. The upper 
driver side knee bolster attachment bracket 132 has a 
generally J-shape. Advantageously, the shape of the 
upper driver side knee bolster attachment bracket 132 
is parametrically determined in light of mating 

20 associative parts, including the knee bolster 128, 
and the diameter of the beam, as well as an input 
from the design tool 16 such as a knee bolster study. 

Preferably, one end of the upper driver 
side knee bolster attachment bracket 132 is secured 

25 to the beam 102 using a suitable means such as 
welding. Another end is secured to the driver side 




knee bolster 128 using a suitable means such as a 
fastener (not shown) . It should be appreciated that, 
in this example there are two upper driver side knee 
bolster attachment brackets 132. 
5 Referring to FIGS. 8A and 8B an outer 

driver side knee bolster attachment bracket 136 
secures an outer edge of the driver side knee bolster 
128 to the vehicle body. The outer driver side knee 
bolster attachment bracket 136 is generally planar. 

10 In this example, the bracket 136 has a generally " Z" - 
shape. Advantageously, the shape of the outer driver 
side knee bolster attachment bracket 136 is 
parametrically referenced to the position and shape 
of the driver side knee bolster 128 relative to the 

15 vehicle body. Preferably, one end of the outer 
driver side knee bolster attachment bracket 136 is 
secured to the knee bolster 128 by a suitable means 
such as welding. Another end of the bracket 136 is 
also secured to the vehicle body by a suitable means 

20 such as a fastener (not shown) . 

An inner driver side knee bolster 
attachment bracket 138 secures an inner edge of the 
driver side knee bolster 128 with a center support 
bracket 150, to be described. The inner driver side 

25 knee bolster attachment bracket 138 is generally 
planar. In this example, the bracket 138 has a 




generally "L" -shape. Advantageously, the shape of 
the inner driver side knee bolster attachment bracket 
138 is parametrically determined in light of its 
associativity to the position and shape of the driver 
5 side knee bolster 128 and a center support bracket 
150 to be described- Therefore, the design can 
change the shape of the inner knee bolster attachment 
bracket 138 from a generally "L" to a generally " Z" 
shape. Preferably, one end of the inner driver side 
10 knee bolster attachment bracket 138 is secured to the 
knee bolster by a suitable means such as welding. 
Another end of the bracket 138 is also secured to the 
vehicle body by a suitable means such as a fastener 
(not shown) . 

15 The passenger side knee bolster 130 is a 

generally rectangular member extending from the 
passenger side portion 106 of the beam 102. In this 
example, the passenger side knee bolster 130 has a 
central cavity 140 for receiving a glove box member 

20 (not shown), as is known in the art. In this 
example, the location of the passenger side knee 
bolster 130 is parametrically driven by an input from 
the design tool 16, such as a knee bolster study, and 
associatively referenced to the beam 102. 

25 The passenger side knee bolster 130 is 

secured to the beam 102 by an upper passenger side 



knee bolster attachment bracket 142. The upper 
passenger side knee bolster attachment bracket 142 
interconnects an upper edge of the passenger side 
knee bolster 130 with the passenger side portion 106 
5 of the beam 102. Advantageously, the upper passenger 
side knee bolster attachment bracket 142 also absorbs 
energy resulting from an impact with an object. 

The upper passenger side knee bolster 
attachment bracket 142 is a generally planar member 

10 having a flange 144 extending along an edge to 
provide additional structural strength. The upper 
passenger side knee bolster attachment bracket 142 
has a generally J-shape. In this example, the shape 
of the upper passenger side knee bolster attachment 

15 bracket 142 is parametrically determined in light of 
the position and orientation of mating surfaces of 
the beam 102 and the passenger side knee bolster 130, 
and an input from the design tool 16 such as a knee 
bolster study. 

20 Preferably, one end of the upper passenger 

side knee bolster attachment bracket 142 is secured 
to the passenger side portion 106 of the beam 102 
using a suitable means such as welding. Another end 
of the bracket 147 is secured to the passenger side 

25 knee bolster 130 using a suitable means such as a 
fastener (not shown) . It should be appreciated that, 




in this example, there are two upper passenger side 
knee bolster attachment brackets 142. 

An outer passenger side knee bolster 
attachment bracket 146 secures an outer edge of the 
5 passenger side knee bolster 130 with the vehicle 
body. The outer passenger side knee bolster 

attachment bracket 146 and outer driver side knee 
bolster attachment bracket 136 may have the same 
shape. The outer passenger side knee . bolster 

10 attachment bracket 146 is generally planar. In this 
example, the bracket 146 has a generally M Z" -shape. 
Advantageously, the shape of the outer passenger side 
knee bolster attachment bracket 146 is parametrically 
associated with the passenger side knee bolster 130 

15 and the vehicle body. Preferably, one end of the 
outer passenger side knee bolster attachment bracket 
146 is secured to the passenger side knee bolster 130 
by a suitable means such as welding. Another end of 
the bracket 146 is also secured to the vehicle body 

20 by a suitable means such as a fastener. 

Referring back to FIGS. 9A and 9B, an inner 
passenger side knee bolster attachment bracket 148 
secures an inner- edge of the passenger side knee 
bolster 130 with the center support bracket 150. The 

25 inner passenger side knee bolster attachment bracket 
148 is generally planar. In this example, the 




bracket 148 has a general "L" -shape. Advantageously, 
the shape of the inner passenger side knee bolster 
attachment bracket 148 is parametrically determined 
in a manner similar to the inner driver side knee 
5 bolster attachment bracket 142 previously described. 
Preferably, one end of the outer passenger side knee 
bolster attachment bracket 146 is secured to the 
passenger side knee bolster by a suitable means such 
as welding. Another end of the bracket 148 is also 

10 secured to the vehicle body by a suitable means such 
as a fastener (not shown) . 

Referring to FIGS. 10A, 10B and 10C, the 
instrument panel support structure 100 includes a 
center support bracket 150 extending between a 

15 central portion 108 of the beam 102 and a portion of 
the vehicle body such as a floor (not shown) . The 
center support bracket 150 provides a mounting 
surface for a center component (not shown) disposed 
within the instrument panel, such as an audio 

20 component or a heating, ventilation and air 
conditioning HVAC controller, as is known in the art. 

The center support bracket 150 is generally 
planar, and extends longitudinally a sufficient 
distance to provide support to components disposed 

25 therein. In this example, a side edge has a flange 
152 extending therealong to enhance the structural 



integrity of the center support bracket 150. In this 
example, the center support bracket 150 is 
parametrically determined from input parameters such 
as the diameter of the beam, or the design tool 16 
5 such as a reach study. 

An upper end of the center support bracket 
150 is secured to the beam 102 by a suitable means 
such as welding. A lower end of the center support 
bracket 150 is secured to the vehicle body by a 
10 suitable means such as a fastener (not shown) . In 
this example, there are two center support brackets 
150 positioned a predetermined distance apart from 
each other. 

Referring to FIG. 11, a block diagram of 
15 the method 18 of parametric design of an instrument 
panel support structure 100, according to the present 
invention, is illustrated graphically. In block 162, 
a first input parameter to block 168, to be 
described, represents a three-dimensional coordinate 
20 in space of an attachment location for the upper 
attachment bracket 114 to the cowl portion of the 
vehicle body, as shown at 180. 

In block 164, a second input parameter to 
block 168 represents a three-dimensional coordinate 
25 in space defining an axis for the beam 102. In this 
example, four coordinate positions are used to 




reference the beam 102. For example, a first 

coordinate references the location of the steering 
wheel along the axis of the beam 102, as shown at 
182. A second coordinate references the location of 
5 a centerline through the axis of the beam 102, shown 
at 184. A third coordinate references the location 
of the passenger side portion 106 of the axis of the 
beam 102, as shown at 186. A fourth coordinate 
represents a horizontal length for each of the 

10 portions 104, 106, and 108 of the beam 102, as shown 
at 188A, 188B and 188C, respectively. 

In block 166, a third input parameter to 
block 168 is from the design tool 16. One example is 
a parameter derived from a knee bolster study, as is 

15 known in the art. 

In block 168, the design of the instrument 
panel support structure 100 is parametrically derived 
using the inputs from blocks 162, 164, and 166. For 
example, the shape of the beam 102 is determined in 

20 block 170 using the location of the steering wheel 
182, the centerline of the beam 184 and the location 
of the passenger side of the beam 186, and the 
horizontal locations 188A, 188B and 188C of block 
164 . 

25 The shape of the beam 102 from block 170, 

and the attachment location to the cowl 180 from 
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block 162 influences the shape of the upper 
attachment bracket 114 in block 175. The shape of 
the beam 102 from block 170 influences the shape of 
the left and right end brackets 110A HOB. 



influences the shape of the driver side knee bolster 
128 and passenger side knee bolster 130 in blocks 172 
and 174, respectively. The shape of the beam 102 
from block 170, the horizontal driver side length 

10 188A from block 164 and the driver side knee bolster 
128 location from block 172 determine the shape of 
the upper driver side knee bolster attachment bracket 
132 and outer and inner driver side knee bolster 
attachment brackets 136, 138 in block 176. 

15 The shape of the center support bracket 150 

is influenced by the beam 102 from block 170 and the 
horizontal center length 188B from block 164, in 
block 178. The shape of the beam 102 from block 170, 
the horizontal passenger side length 188C from block 

20 164 and the passenger side knee bolster location from 
block 174, influence the shape of the upper passenger 
side knee bolster attachment bracket 142 and outer 
and inner passenger side knee bolster attachment 
brackets 146, 148 in block 179. 

25 In block 192, a design of the instrument 

panel support structure 100 is generated. In diamond 
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The input from the knee bolster study 166 



194, the design of the instrument panel support 
structure 100 is analyzed to determine if a 
predetermined design criteria, to be described, has 
been met. If the predetermined design criteria have 
5 not been met, the design is regenerated by modifying 
the inputs in blocks 164 and 166 based upon the 
information learned in diamond 194. If the 

predetermined design criteria have been met, the 
design is complete, as indicated in block 196. 

10 Referring to FIG. 12, a flowchart' of the 

method 18 for parametric design of the instrument 
panel support structure 100 using a computer-aided 
parametric design technique, according to the present 
invention, is illustrated. The methodology begins in 

15 bubble 200, when it is called for by the user 26. 
The methodology advances to block 202 and selects a 
vehicle platform from a database, such as a vehicle 
platform library 14. The vehicle platform library 14 
contains information in electronic form regarding the 

20 vehicle environment, including interior size and 
vehicle body style and other vehicle systems. In 
this example, information regarding the vehicle body 
style is selected. The methodology advances to block 
204 . 

25 In block 204, the methodology orients an 

occupant within an occupant compartment of the 



vehicle. In this example, the orientation of the 
occupant within the occupant compartment of the 
vehicle is in accordance with guidelines established 
by the Society of Automotive Engineers, in SAE J1100, 
5 "Motor Vehicle Dimensions", June 1993, which is 
hereby incorporated by reference. In particular, the 
occupant is oriented relative to a coordinate 
location commonly referred to in the art as an "H- 
point" (not shown) . The "H-point" is a reference 

10 point locating the pivot center of a human torso and 
thigh with respect to a seat in a vehicle. The 
methodology advances to block 206. 

In block 206, the methodology positions the 
steering wheel within the occupant compartment of the 

15 vehicle using dimensional guidelines established in 
the above referenced SAE guidelines. In this 

example, the steering wheel center reference point 
182 is located by taking the intersection of an axis 
for the steering column with the plane tangent to an 

20 upper surface of the steering column rim. The 
methodology advances to block 208 . 

In block 208, the methodology defines 
coordinate points in space that position the 
instrument panel support structure 100 with respect 

25 to the vehicle body. In particular, these points 
define particular reference locations on the beam 102 




for determining the shape and attachment of beam 102 
and other components or brackets that are secured to 
the beam 102. One example of a coordinate point is 
an x,y,z coordinate of an attachment location for the 
5 upper attachment bracket 114 to the cowl, shown at 
180. Another example of a coordinate point is an 
x,y,z coordinate of the center support- bracket 150 
attachment location, for attaching the center support 
bracket 150 to the vehicle body shown at 189. Still 

10 another example of a coordinate point is the x,y,z, 
coordinate of the attachment of the left and right 
end bracket 110A, HOB to the vehicle body, as shown 
at 190. Yet another example of a coordinate point is 
, the x,y,z, coordinate of a horizontal reference for a 

15 driver side portion of the beam 102 as shown at 188A. 
Yet still another example of a coordinate is the 
x,y,z coordinate of a horizontal reference for the 
central portion 108 of the beam 102 shown at 188B. A 
further example of a coordinate is an x,y,z 

20 coordinate of a horizontal reference for the 
passenger side portion 106 of the beam 102 shown at 
188C. 

The methodology advances to block 210 and 
electronically generates the instrument panel support 
25 structure 100 design using the input parameters and 
packages the instrument support structure 100 in 



relation to the vehicle systems previously described. 
The design is generated using the design tool 16 such 
as a computer aided engineering design technique as 
is known in the art. Preferably, the appropriate 
5 relationships between the instrument panel support 
structure 100, vehicle body and other vehicle 
systems, are automatically determined and based upon 
the parametrically generated instrument panel support 
structure 100 design. 

10 It should be appreciated that packaging 

refers to an electronic representation of the 
dimensions of the system, device or component as it 
geometrically relates to a three-dimensional 
reference frame of the vehicle. These vehicle 

15 systems may include, but are not limited to the 
instrument panel, the dash panel, cowl side 
structure, instrument panel support structure 100 and 
HVAC assembly. A vehicle system is intended to 
include any part of the vehicle which will interact 

20 with the instrument panel support structure 100, 
either directly or indirectly. 

The methodology advances to block 212 and 
utilizes the design tool 16 or analysis tool 20 to 
determine if the instrument panel support structure 

25 100 design meets a predetermined criteria. For 
example, the instrument panel support structure 100 




may be compared to human factors criteria, such as 
for reach, ergonomics and knee bolster position. The 
instrument panel support structure 100 may be 
analyzed using engineering analytical techniques such 
5 as finite element analysis, or noise, vibration and 
handling (NVH) analysis. 

The methodology advances to block 214 and 
varies an input parameter based on the results of the 
various analysis performed in block 212. For 

10 example, the position of the knee bolster 126 may be 
modified as a result of a knee bolster study. 

The methodology advances to block 216 and 
regenerates the model of the instrument panel support 
structure 100 to take into account the input 

15 parameters modified in block 214. Appropriate 
relationships between the instrument panel support 
structure 100, vehicle systems and the vehicle are 
automatically determined and revised according to the 
modified input parameters. That, is, the method of 

20 the present invention will automatically rebuild 
every other affected dimension so that various design 
alternatives can be evaluated in a timely manner, as 
shown in dot-dash lines in FIGS. 2 through 10. The 
methodology advances to bubble 218 and ends. 

25 Referring to FIGS. 13 and 14, a detailed 

example of another embodiment of the method, 




according to the present invention, is shown 
beginning in bubble 300, when it is called for by the 
user 26. The methodology advances to block 302. 

In block 302 the methodology selects a 
5 vehicle program from a database, such as the vehicle 
platform library 14. The vehicle platform library 14 
contains information in electronic form regarding the 
vehicle environment, including interior size and 
vehicle body style and vehicle systems. In this 

10 example, information regarding the instrument panel 
and vehicle body style is selected. The methodology 
advances to block 304. 

In block 304, the methodology orients an 
occupant in the vehicle using the "H-point" as a 

15 reference point, as previously described. The 
methodology advances to block 306 and positions the 
steering wheel within the vehicle utilizing the 
previously described dimensional reference point. 

The methodology advances to block 308 and 

20 defines coordinate points that position the 
instrument panel support structure 100 with respect 
to the vehicle. For example, coordinate points as 
previously described locate the beam 102 with respect 
to the vehicle body. In this example, each end of 

25 the beam 102 is attached to the vehicle body, the top 
of the beam 102 is attached to the cowl via an upper 



attachment bracket 114, and a center support bracket 
150 attaches the beam 102 to a lower portion of the 
vehicle body. 

The methodology advances to block 310 and 

5 generates a parametric design of the instrument panel 
support structure 100 using a computer aided design 
technique, as previously described. It should be 
appreciated to one skilled in the art that the 
instrument panel support structure 100 may include 

10 other component parts as required to support the 
instrument panel. The methodology advances to block 
312 . 

In block 312, the methodology packages 
components typically located within the . center 

15 portion of the instrument panel, where they can be 
accessed by either a driver or a passenger. An 
example of a center packaged component includes an 
audio component, such as a compact disc player, radio 
or cassette player. Another example of a center 

20 packaged component includes a HVAC control or duct. 
The methodology advances to block 314 . 

In block 314, the methodology packages 
components (not shown) typically found on the driver 
side of the vehicle. Driver side components 

25 typically include an instrument panel cluster of 
gages and indicators, such as a speedometer, fuel 




gage, oil pressure gage or engine temperature gage. 
Another typical component is a HVAC duct for 
providing conditioned air to the occupant compartment 
of the vehicle- The methodology advances to block 
5 316. 

In block 316, the methodology packages a 
passenger side component (not shown) , such as a glove 
compartment, HVAC duct or an inflatable restraint 
system. The methodology advances to diamond 318. 

10 In diamond 318, the methodology uses the 

design tool 16 or analysis tool 20 to determine if a 
predetermined human factors reach criteria is met. 
An example of a predetermined human factors reach 
criteria for a driver hand control reach is set forth 

15 in a Society of Automotive Engineers Recommended 
Practice, "Driver Hand Control Reach", SAE J287, June 
1988, which is hereby incorporated by reference. If 
the predetermined human factors reach criteria is not 
acceptable, the methodology advances to circle 400, 

20 shown in FIG. 14 and continues in a manner to be 
described. If the predetermined human factors reach 
criteria is acceptable, the methodology advances to 
diamond 320 . 

In diamond 320, the methodology uses the 

25 design tool 16 or analysis tool 20 to determine if a 
predetermined human factors vision criteria is 




acceptable. An example of a human factors vision 
criteria is set forth in a Society of Automotive 
Engineers Recommended Practice, "Describing and 
Measuring the Driver's Field of View", J1050, August 
5 1994, which is hereby incorporated by reference. If 
the predetermined human factors vision criteria is 
not acceptable, the methodology advances to circle 
400 shown in FIG. 14 and continues. 

If the predetermined human factors vision 

10 criteria is acceptable, the methodology advances to 
diamond 322. In diamond 322, the methodology uses 
the design tool 16 or analysis tool 20 to determine 
if a predetermined human factors reflection criteria 
is acceptable for a reflective device, such as a 

15 mirror. An example of a human factors reflection 
criteria is set forth in a Society of Engineers 
Recommended Practice, "Vision Factors Consideration 
in Rear View Mirror Design",- SAE Handbook, Vol. 4, 
SAE, Warrendale, PA. If the predetermined human 

20 factors vision criteria is not acceptable, the 
methodology advances to circle 400 shown in FIG. 14 
and continues. 

If the predetermined human factors 
reflection criteria is acceptable, the methodology 

25 advances to diamond 324. In diamond 324, the 

methodology uses the design tool 16 or analysis tool 



20 to determine if a predetermined human factors 
interaction criteria is acceptable. An example of a 
human factors interaction criteria includes the 
results of the knee bolster study. If the 

5 predetermined human factors interaction criteria is 
not acceptable, the methodology advances to circle 
400 shown in FIG. 14 and continues. If the 

predetermined human factors interaction criteria is 
acceptable, the methodology advances to diamond 326. 

10 In diamond 326 the methodology uses a 

design tool 16 or analysis tool 20 to determine if a 
predetermined beam attachment criteria is acceptable. 
An example of a beam attachment criteria is an 
attachment location for securing the end bracket 

15 110A, HOB to the side structure of the vehicle body. 
If beam attachment criteria is not acceptable, the 
methodology advances to block 400 shown in FIG. 14 
and continues . 

If the beam attachment criteria is 

20 acceptable, the methodology, advances to diamond 328. 
In diamond 328, the methodology uses the design tool 
16 or analysis tool 20 to determine if a 
predetermined dimensional clearance between the 
instrument panel support structure 100 and another 

25 portion of the vehicle is acceptable. For example, 
it may be desirable that the clearance between the 



beam 102 and cowl be one-quarter inch (0.25"). If 
the instrument panel support structure clearance is 
not acceptable, the methodology advances to circle 
400 shown in FIG. 14 and continues. If the 

5 instrument panel support structure clearance is 
acceptable, the methodology advances to diamond 330. 

In diamond 330, the methodology uses the 
design tool 16 or analysis tool 20 to determine if a 
predetermined performance criteria for the instrument 

10 panel support structure 100 is acceptable. An 
example of a performance criteria is an estimated 
cost of the instrument panel support structure 100. 
Another example is that the weight of the instrument 
panel support structure 100 cannot exceed a 

15 predetermined amount. Still another example of a 
performance criteria is the NVH and stiffness 
characteristic of the instrument panel support 
structure 100. If the predetermined performance 

criteria are not met, the methodology advances to 

20 circle 400 shown in FIG. 14 and continues. If the 
predetermined performance criteria are met, the 
design of the instrument panel support structure 100 
is complete and the methodology advances to bubble 
360 and ends. 

25 Continuing to circle 400 shown in FIG. 14, 

the methodology advances to diamond 402. In diamond 



402, the methodology determines if the design of the 
instrument panel support structure 100 should be 
changed. If the design should not be changed, the 
methodology advances to bubble 450. In bubble 450 
5 the methodology returns back to the previous entry 
location . 

If the design does need to be changed, the 
methodology advances to diamond 404 and determines if 
an orientation of the occupant in the vehicle should 
10 be retained. As previously described, the occupant 
y3 orientation refers to the x 'H-point" of a seated 

B9 occupant. If the occupant orientation should not be 

~y_ changed, the methodology advances to block 410 and 

^ changes the occupant orientation. The methodology 

y 15 advances to circle 350 shown in FIG. 13 and 

y continues . 

*2 Referring back to diamond 404, if the 

occupant orientation should be retained, the 
methodology advances to diamond 406. In diamond 406 

20 the methodology determines if the center component 
positioned within the center support bracket 150 
should be changed. If the center component should 
not be changed, the methodology advances to block 
408. In block 408, the methodology changes the 

25 center component. The methodology advances to circle 
354 shown in FIG. 13 and continues. 



Referring back to diamond 406, if the 
center component positioned within the center support 
bracket 150 should be retained, , the methodology 
advances to diamond 412. In diamond 412, the 

5 methodology determines if a driver side component 
should be retained. An example of a driver side 
component is the steering wheel or the instrument 
cluster, or an inflatable restraint system. If the 
driver side components should not be retained, the 

10 methodology advances to block 414 and changes the 
driver side components. The methodology then 

advances to circle 356 shown in FIG. 13 and 
continues . 

Referring back to diamond 412, if the 
15 driver side component should be retained, the 
methodology advances to diamond 416 and determines if 
a passenger side component should be retained. An 
example of a passenger side component is a glove box, 
or an inflatable restraint system. If the passenger 
20 side component should not be retained, the 
methodology advances to block 418 and changes the 
passenger side component. The methodology advances 
to circle 358 shown in FIG. 13 and continues. 

Referring back to diamond 416, if the 
25 passenger side component should be retained, the 
methodology advances to diamond 420. In diamond 420, 



the methodology determines if the instrument panel 
support structure attachment locations to the vehicle 
body should be retained. An example of an attachment 
location is shown at 190. If the attachment location 
should not be retained, the methodology advances to 
block 422 and changes the instrument panel support 
structure attachment location. The methodology then 
advances to circle 352 shown in FIG. 13 and 
continues . 

Referring back to diamond 420, if the 
instrument panel support structure attachments should 
be retained, the methodology advances to diamond 424. 
In diamond 424, the methodology determines if a 
clearance between the instrument panel support 
structure 100 and another part of the vehicle should 
be retained. One example is a clearance between the 
beam 102 and the HVAC system. If the clearance 
should not be retained, the methodology advances to 
block 426. In block 426, the methodology changes the 
clearance and advances to block 352 shown in FIG. 13 
and continues. 

Referring back to diamond 424, if the 
clearance should be retained, the methodology 
advances to diamond 428. In diamond 428, the 

methodology determines if the predetermined 
instrument panel support structure performance 



criteria should be retained. One example of a 
predetermined criteria is optimal natural frequency. 
If the performance criteria should be changed, the 
methodology advances to block 430 and changes the 
5 instrument panel support structure performance 
criteria. The methodology advances to circle 352 
shown in FIG. 13 and continues. 

Referring back to diamond 428, if the 
instrument panel support structure 100 performance 

10 criteria should be retained, the methodology advances 
to diamond 432. In diamond 432, the methodology 
determines if any other component should be retained. 
If any other component should be retained, the 
methodology advances to bubble 450 previously 

15 described. If any other component should not be 
retained, the methodology advances to block 434 and 
changes the other component. The methodology then 
advances to bubble 450 and continues. 

Referring to FIG. 15, a representative 

20 system 600 for implementing the method for parametric 
design of the instrument panel support structure 100, 
according to the present invention, is illustrated. 
The system 600 includes a processing unit 602 
connected to a user interface which may include a 

25 display terminal 604, a keyboard 606, a pointing 
device, such as a mouse 608, and the like. The 



processing unit preferably includes a central 
processing unit, a memory, and stored instructions 
which implement the method for parametric design of 
the instrument panel support structure 100, according 
5 to the present invention. The stored instructions 
may be stored within the processing unit 602 in the 
memory, or in any non-volatile storage such as 
magnetic or optical media, EPROM, EEPROM, or the 
like. Alternatively, instructions may be loaded from 

10 removal magnetic media 610, such as a removal disk, 
sometimes called a floppy disk, optical media 612, or 
the like. In a preferred embodiment, the system 600 
includes a general purpose computer program to 
implement the functions illustrated and described 

15 with reference to FIGS. 1-14. ^ Of course, a system 
600, according to the present invention, could also 
be embodied with a dedicated device which includes 
various combinations of hardware and software. The 
preferred embodiment may also include a printer 614 

20 connected to the processing unit 602, as well as a. 
network connection for accessing a local server, an 
intranet, and the Internet. Preferably, solid 
modeling software, parametric design software, 
surface rendering software, animation software, and 

25 the like are used for developing the system 600, 
according to the present invention. 



4 



44 

The present invention has been described in 
an illustrative manner. It is to be understood that 
the terminology, which has been used, is intended to 
be in the nature of words of description rather than 
5 of limitation. 

Many modifications and variations of the 
present invention are possible in light of the above 
teachings. Therefore, within the scope of the 

appended 1 claims, the present invention may be 
10 practiced other than as specifically described. 



